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INTRODUCTION AND BACKGROUND

The lake has a surface

The lake empties into

The Seneca River

which thenthe Oswego River,the Oneida River to formjoins

north of Onondaga Lake.

The

natural tributaries,minormajor and twofed by fivelake is

to the lake,
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Onondaga Lake was once described as the most polluted lake in

the United States (US Senate Committee on Public Works 990).

Industrial and metropolitan wastes have entered its waters for over

Standards for dissolved oxygen (DO), fecal coliform,a century.

ammonia, nitrite, turbidity, and mercury concentration in fish have

been routinely violated for many years (Effler and Hennigan 1996).

More than 900/0 of the surface sediments in the lake are contaminated

with mercury, resulting in elevated levels in the fish. Fishing in the

lake was banned in 195 and reopened in 1986 with a warning to eat

no fish from its waters.

Domestic sewage inputs and other non-point nutrient loadings

have greatly increased phytoplankton growth, resulting in frequent

algal blooms, high turbidity, and extended periods of hypolimnetic

has resulted inwhich during fall sometimesanoxia, turnover,

lakewide anoxia. Untreated sewage from combined sewer overflows

The Onondagathe lake during rain Countyevents.enters

(Metro) originallyMetropolitan Sewage Treatment Plant was

An upgrade ofconstructed in 1925 to settle and chlorinate waste.

the facility was completed in 1960 that included settling tanks and

8



chemical coagulation.
The current1981., 979 and tertiary treatment intreatment in

permillion gallons120
tertiary

inresultingtreatment,nitrificationundergonotdoeswaste

lake.theto wastebeds near'900's, and laterthe earlyuntil
lake.of the30%surround aboutwastebedsPresently these
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by wave action from winds or boat traffic

From' 946 to '986 Allied Signal released waste mercury from

ofLake by-product mercuryOnondaga afacility asintoits

The load of mercury to the lake during this time haschlorine gas.

USEPA1996).10 kg/d (Effler and Henniganbeen estimated at

The first documented report of the fish community in Onondaga

Father Simon LeMoyne who observed AtlanticLake comes from

, 908).1654the lake in (Beauchampsalmon (Salmo ~..a1aL) in

likelymostthe drainage,salmon in RiverOswegoAtlantic

ofexamplestriking"thehave been most(1982) toWebster
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930). A

commerciallyfished inwas

A review of

theevidence thathowever, provides somehistorical literature

of whitefish or
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Common and a II other(19.6-28.6). ciscosshort jaw cisco

relatively fusiform fishes with the body depth not exceeding 26% of

The Onondaga Lake whitefish had a body depththeir standard length.

of 28.9% of the standard length, an almost perfect match for the

maximum accepted range of the short jaw (28.6%). In fact, Bean

makes special note of the "short, deep and compressed" body of the

Onondaga Lake whitefish he examined. Some other descriptions of

the whitefish given by Bean are that the head was pointed, the
~~

mouth was long and "perch like", the mandible extended to below the

middle of the eye and extends slightly, and that the lower jaw

These characteristics, althoughscarcely longer than the upper.

difficult to quantify, generally resemble the short jaw cisco more

closely than the common cisco.

Bean reported that no one was ever able to catch an Onondaga

Short jaw ciscos are largelyLake whitefish on a hook and line.

planktivores, while it is accepted that common ciscos can be readily

It is likely that if the Onondagacaught on minnows (Smith 1985).

Lake whitefish were indeed a common cisco that they would have

been readily caught on hook and line.

13



andfished

considered a delicacy.
TheYork.Newinanywherefished

cisco

innumbersin largetakenbeingwhitefish wasOnondaga 'ake

Onondaga Lake.
Interestingly,

It could be, 890's).

be a common cisco.
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Seining of shallowthan 93% of these were carp (C~grinus cargio ).

4 species beingresulted inareas for young of the year fishes

, 994). Awhite bass (Marone chr~sogs ), and carp (Ringler et ale

of the Department of Environmental1981 Tom Chiotti,In

data fromreviewed mercuryand acollectedConservation,

A total of 22 species were collected using gill nets, trap nets, and

seines.

Seining results14%).

missing.

of Onondaga Lake wasthe confinesperch, reproduction within

"sporadic"

16
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theofcompositionthe speciesSeveral inchanges

The relative abundance of

The decrease inincreased.

1980 is probablyThe abundance of white perch inwithin the lake.

The increase in the number of

trappinginthe differencesduebe tocaptured mayspecies

historical accounts.
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Growth rates of most fishes were above theand gizzard shad).

Gandino concluded that theaverage for New York State waters.

ofof predatory fishes in be due to lackrarity the lake may

reproduction. Reproduction was found to be sporadic and spatially

limited within the lake for almost all species.

This thesis is intended to expand upon the work of Ringler and

Gandino to give a clearer picture of the reproductive community of

and -regarding theLake. in data knowledgeOnondaga Gaps

reproductive community of Onondaga Lake are identified to give a

clearer picture of potential remedial action in the future. The first

section of this thesis deals with reproduction and recruitment in

Nesting surveys, timing of maturation and lakewideOnondaga Lake.

young-ot-year population estimates were collected tor the first

time on Onondaga Lake. Section two explores the potential impacts

of water quality on recruitment in Onondaga Lake and in particular

the gaps that exist in data collection techniques that would allow

for three details thethorough investigation. Sectiona more

fisheries aspects of a littoral zone manipulation project that was

jointly conducted by the US Army Corps of Engineers, Rensselaer

18



ofYork Collegeof New

zone of Onondaga Lake
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OBJECTIVES

To characterize the reproductive community of Onondaga

Lake (1993 and 1994);
, .

to determine areas of the lake that support

nesting;
2.

to develop a method to estimate recruitment of

young-of-year fishes;
3.

to determine if reproductive success can be
correlated with water quality; and

4.

to determine if manipulation of the littoral zone is a
viable remediation tool for Onondaga Lake.s.

20



Methods1.1

counting'994 to increase

each segment.
21



function of water clarity (closer transects in turbid water); the

distance between transects averaged about 10m. In 1994 some

segments were not evaluated due to a lack of appropriate water

Data from the original S1 nest counting sections wereclarity.

to be used1 3 equal sizedcombined to form lake sections

depiction and analysis

1.1.2 Timing of Maturation

Adult fish were captured 3-5 times weekly from May 11 to

September 7, 1994 using South Dakota trap nets (179 trap nights)

and experimental gill nets (35 net nights) at sites used by Ringler et

leaders(' 996}. Trap(1994) and Gandino net wereal.

perpendicular to shore in water 1 - 3 m deep; wings were set at 45°

angles from the trap (Nielson and Johnson 1983). Field crews of two

to three people removed fish from the traps daily. Gillnets were

fished from May 18 to November 10. Experimental gillnets (50 m in

length, with equal length panels of 2.54, 3.81, 5.08, 6.35, 7.62, 8.89

and 10.16 cm stretched mesh) were fist)ed at 1 -18m depths.

22





1994 along with an additional sample completed on September

estimates of young-of-the-year largemouth bass,28. Population

carp (C~grinus cargio) were calculated using a computer program

1984, Bohlin et al.(Kwak 1992) based on removal models (Seber

, 993). Mean numbers of fish in each seine pass from each site were

These sample (pass) means were used to calculate acalculated.

interval forconfidenceand 95%population aestimate

representative 30 x 20 m area of Onondaga Lakes littoral zone.

These estimates and respective confidence intervals (CI) were then

(see example below). Lakeextrapolated to lakewide estimates

density estimates (#/ha) were based on known areas of the study

zone (2.59 kmZ), and lakesites (500 m2), the areas of littoral

at each sampling periodkmZ). The biomasssurface {12 was

calculated from the population estimates and mean mass for each

species during each sampling period.

calculatefollowing procedure usedExample: The towas

juvenile fishes inof young-at-year andpopulation estimates

The numbers given are those ot young-ot-yearOnondaga Lake.

24
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Third Pass
509

3
4
4
39
43
0

257

Second Pass
29
9
1
0

247
203

1
450

First Pass
1389

8
13
7

5304
49
3

616

.s.i1.e.

Bloody Brook
Crucible Bay
Grandstand
Maple Bay
Marina
Nine-Mile
Wastebeds
Willow Bay

859
107

940
118

7389
924

Total
Mean

N= number of fish in population abundance estimate,
V(N)= variance of N
k= number of removals,
C1, Cz ~ = catch in each removal,
T = total catch,

p= catchability,
q= l-p.
A= 2C,+ Cz

..6A~3AT - TlHal+6AT -3Al~

18(A- T)
N=

V(N) = N( l-akJgk-
( 1 __qk)2 - (pk)2qk

25
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1993-1994largemouth bass were1994 and betweenshad in

The catch curves utilized monthlycalculated utilizing catch curves.

This technique assumes equalpopulation estimates as the "catch".

recruitment and is similar to the cohort analysis method used by

thestudyfor this representCatch(1996). curvesGandino

relationship between loge of the population estimate versus their

975). Instantaneousto the samplingvulnerable gear (Ricker,

mortality (Z) was determined by taking the natural log of the slope

Annual rates of totalof the descending limb of the catch curve.

survival and mortality were calculated from the formula S= (l-A)

e-Z

) . 1.4 Adult Stock

Fish were captured using the same methods described for

Fish were marked with right pelvic fin clipstiming of maturation.

in the North basin and left pelvic clips in the South basin, or with a

27 .-.



combination of a clip and tag for largemouth bass larger than 300

mm. Numbered Floy tags were inserted below the dorsal fin

28
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Results and Discussion1.2

spring and summer..

water.

of theseOther members1995.through1991each year from

~nulari~.and f,..ni.g!omaculat~~omo~white crappie

(l. ~nctatu£).

, 994) (Figure

29
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of nests was not described in that early work. The number of nests

observed in 1993 was 277, 77% of which were located in the north

A total of 1655 nests were counted in 1994basin (Figure -1 ).

(Figure 1 -2), of which 79% were located in the north basin. Bluegill

1994. Unidentifiedaccounted for 550/0 of the nests observed in

species accounted for pumpkinseed 1 8%, and26% of the nests,

largemouth bass 1 % (Figure 1-4). In 1993 and 1994 the highest

densities of nests were located on the northwest shore between

Maple Bay and the inlet of Nine Mile Creek. This shoreline is largely

composed of oncolitic sediments and is relatively well protected

The strong relationship (r2 =from predominantly northwest winds.

-5) between the number of nests in each lake section0.922; Figure

may providebetween 1993 and 1994 suggests that some areas

better overall conditions for spawning than do other areas of the

lake. This relationship may have future management implications.

Areas where fish currently nest may be enhanced to provide better

spawning habitat; areas where nesting does not currently occur can

Sites to bebe enhanced to make the habitat suitable for spawning.

manipulated should be chosen carefully to avoid areas that will not

30
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the

The1-1 ).,71-80%) (Table

time.

33
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.
].2.3 Regroduction and Recruitment

<15 species)fish30,313 weretotal ofA young-ot-year

, 994 (Table 2).captured in Onondaga Lake in Y oung-of-the-yea r

smeltand rainbow,ommersoni)white sucker (Castostomus

(Osmerus mordax) captured in the lake were likely derived from lake

tributaries since they are stream spawning species. Banded killifish

(Fundulus diaghanus ), tessellated darter, and emerald shiner reach a

maximum size in Onondaga Lake of only about 10 cm as adults; they

Speciesare difficult to capture and distinguish as young-of-year.

such as the banded killifish have maintained substantial populations

990, yet few young-of-year killifish have beenin the lake since

It is doubtful that enough adult killifish couldcaptured in the lake.

migrate into the lake to account for the large population observed.

This species together with golden shiner (Notemigonus cr~soleucas ),

(Labidestheslog perch (Percina cagrodes), and brook silversides

sicculus) are considered lake spawners. It is probable that spawning

and recruitment of these species occurs within the confines of

Onondaga Lake or its limited adjacent wetlands and is responsible

for most of the adult population in the lake.

35
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Catch/effort data from 1992 to 1994 show that reproductive

Reproduction in 1993 was verysuccess varied widely (Figure 1 -9).

The proportions of young-1994 was a moderately successful year.

example of compensatorybe anbetween years mayof-year

increasedforallowedhavecouldwithcompetition yearlings

reproductive success in 1993.

12 of the 30 lake-Some reproduction was documented for

Fewer than 10 young-

experienced reproductivesignificantlakesinknown to spawn

Some species that are common in the lake as adults, suchsuccess.

Based on thehave rarely been captured as young-of-the-year.

36
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1992, 1993, and 1994, respectively. While speciescatch in

most years.

1992, when fish reproductionexception to this trend occurred in

was almost non-existent in Onondaga Lake.

fishof young-of-yearoverall structurecommunityThe

1-10). The

12).

However, the

37



sunfish)and werelargemouth bassperch,whiteshad, carp,

1994 and a single sampling

in 1994 than in 1993 (32%, 33%perch and carp were less numerous

-14 1-15 and 1-
, ,and 11% of

1993137% of9956).

estimate) ,

19935% and 15% of the1993depressed compared toremain

periodthe studyobserved during

The higher estimates

(widevariability confidencethe highduesampling toefforts

annualTheperiod.samplingwith thisassociatedintervals)

38



white perch and carp, is most likely due to natural fluctuations in

aReproductive success of any species isreproductive success.

Abundance of food resources, predation, climatic conditions, habitat

reproductive success. Anthropogenic variables and their potential

impacts to the reproductive process fishes in Onondaga Lake are

Table 1-5 and 1-6 list biomassdiscussed in Part 2 of this thesis.

estimates for the same time periods as population estimates.

994 increased as theWhite perch population estimates in

Gizzard shad population estimates in that sameseason progressed.

year started high in late July then drop in mid August, only to

Temporal fluctuations in catches ofincrease again in September.

littoral zone between sampling periods; such movement likely biases

littorallikely that theItthe estimates of these species. is

reduction method for estimating population sizes is not valid for

species that are at least partly pelagic.



of one-year-old largemouth1-19 depicts estimatesFigure

These estimates are probably a better994 and 1995.bass in

reduced the

Estimation of one-year-olds of other species was notcohort size.

Abundance of one-year-old largemouth bass in
the field (sunfish).

...
0,291

993 were 2.6 times fewer inYoung-of-year fromrespectively.

number than the

Yet, the estimated number of individualspeak abundance in 1994.

Instantaneous rates of mortality (Z) of 1994 young-of-both years.

catchofanalysisfromyear largemouth bass estimated cohort

data to calculatetoo fewcurves was 0.64. Although there are

mortality of

40



young-of-year to the following spring when the individuals within

1-7)(Table Meanconsidered be yearlingsthe cohort toare

instantaneous rate of mortality (Z) for bass between 1993 and 1994

Instantaneous rates of mortality (Z) for bass betweenwas 0.04.

995 yearlings averaged 2.71994 and 1995 was 0.11. Mortality for

thetimes higher than for 1994 yearlings. This higher mortality, in

995 yearlings, seems to ameliorate the higher level of reproduction

Although only two years of datashown by this year class in 1994.

are available, it may be that Onondaga Lake was only capable of

19930,000 one-year-old bass insupporting a maximum of about

and 1994. In years where high reproduction produces many more

than 10,000 young-ot-year, density dependent mortality, e.g. from

higher predation rates, may cull the population so that only about

, 0,000 individuals survive to age one. In years where young-at-year

populations are near 10,000 mortality may be very low. The best

explanation for this relationship is that habitat within the lake is

limiting recruitment. A lack of nursery habitat (usually in the form

at macrophyte beds) could cause young-at-year to crowd available

food and space, and increasing thethus competing forhabitat,

This is in -'essence thepredation.possibility of mortality due to

41



flikely thatIt is

3 of this thesis.

growth; those

After vegetation was eliminated fish
locating and capturing prey.

This may facilitate, 4% of the littoral zone (Madsen et at. 1993).

bass infish in young-ot-yearzooplankton tothe switch from

42



highThe relativelyobserved.explaining the high growth rates

competition in Onondaga Lake in some years.

1.2.4 Adult Stock

(37 species) was collected in trapA total of 7145 adult fish

nets (Table 1 -9) and 8S1 fish (17 species) were collected in gill

nets in 1994 (Table 1-9). White perch (53%) were the most abundant

The species composition and relative catchspecies in the lake.

gearvary between the gear types due to differe_nces inrates

In3.3/decade, based on samples rarefied to 64 individuals/year.

caught have notfew species thatareat least amost years

New

(Semotilus corgoralis)fallfishincluded the1994species in

troutperchnigricans ), and(l:t~genteliumhogsuckernorthern

43



connections with

theIn maintainingroleplay an importantadjacent waterways

These species

Lakes (L. Wedge, NYDEC, pers. comm.).

44



Table 1-1. Number and percent contribution of matur~ bluegill (Bg)(N=324),
pumpkinseed (Ps)(N=1 07), and white perch (Wp)(N-242) sampled

- - with trap and ail! nets i~ Onondaaa Lake in 1994.
Bg Bg Ps Ps Wp Females Wp

Females Males Females Males Males

86

1 Because of difficulties in identifying young-of-year bluegill and pumpkinseed these two species are

combined and called sunfish. . :. .
2 Stream spawning species.

4S



Table 1 -3. Population estimates for Onondaga Lake young-of-year fishes during five

Species I Sampling LakeWide j 95% Confidence I

j Period j Population Interval
Estimate

Sunfish Mid Aug. '93
Mid June '94
Early July '94
Late July '94
Mid Aug. '94
Late Sept. '94
Mid Jlcc!lv '~S

6,552.415
0
0

464,995
6,755.408
5.513,848
4,158,.990

I 339.895 - 12.764.935

0
0

0-1.836.376
0 - 14.200.046

3.823,816 - 7.203,879
1 463 436 - 6 854 544

944 - 60,426
0

0 - 429.589
0 - 2.006.323

23.604 - 136.902
J 330- 41.071

0 -147..05~

Largemouth Bass Mid Aug. '93
Mid June '94
Early July '94
Late July '94
Mid Aug. '94
Late Sept. '94
Miq July '95-

I 30,685

I. 66,46~

~ 392,767
I 79,781
\ 20,582

/. - -~~.~~~
I 1,288,767

0'
I 0

I 405,985
I 10,386 ,

I 84,974

,L ?~~.~~~
/ 221,87g

j 118g,
j 4721

. 75,532

303.0_72

Gizzard Shad
I Mid Aug. '93

I Mid June '94
I Early July '94

late July '94
I Mid Aug. '94

late Sept. '94
I Mid July '95
r~ Aug. '93-
I Mid June '94
! Early July '94
~ late July '94

Mid Aug. '94
I late Sept. '94
: Mid Julv '95

1,175,469 - 1,402,066
0
0

396,543 - 415,427
0 - 21,243

80,253 - 89,694
Q - 8~4.1_98

-

White Perch J 155,785 - 287,966
i 0
I 0
I 0 - 4,720
; 0 - 11,802
I 68,923 - 82,141
: 203 465 - 402 681

Mid Aug. '93 472,548 t 301: 184 - 643:;;2
Mid June '94 0 I 0
Early July '94 0 I 0
Late July '94 27,852 I 0 - 149,176
Mid Aug. '94 51,456 0 - 101,496
Late Sept. '94 0 I 0

~- . Mid July '95 69.300 I 0 - 884.198

Carp



Population densities of young-of-year in the littoral zone of ~uxiaga
Lake during five sampling periods in 1994 and one sampling period in

; and 1995.

Table 1 - 4

9596 Confidence
Interval

Littoral Zone
Population
Estimates

(#/ha)

Sampling PeriodSpecies

I 1343-50,426
I 0

I 0-7254 0-56,090

~ ~~i~::t1 5,104-28,455 5781-2707~

4-239

0

0-1697

0-7925

93-541

1-162

0-581

4643-5538

0

0

1566-1640

0-84

317-354

0-3493

615-1137

0

0

0-19

0-47

272.324

804-1591

r- 1190-254~

0

0-589

0-401

0

0-3493

r- 25.882 ~. 0

I 183~ I

I 26.684
21,780 I
16 428

121
0

263
1551

315
81

14L

Mid Aug. '93
Mid June '94
Early July '94
Late July '94
Mid Aug. '94
Late Sept. '94
Mid Julv '9_5

-
Sunfish

Largemouth Bass

5091
0
0

1604
41

336
274

Gizzard Shad

I Mid Aug. '93. Mid June '94

I Early July '94
. Late July '94
I Mid Aug. '94

Late Sept. '94
I, Mid Julv '95
: Mid Aug. '93
I Mid June '94

Early July '94
Late July '94

II Mid Aug. '94
Late Sept. '94

I ~~g ~~~v ',:~
I ~~~ ~.~~:. :~~" Mid June '94
I Early July '94

Late July '94

Mid Aug. '94
Late Sept. '94

I Mid Julv '95. Mid Aug. '93

Mid June '94
Early July '94
Late July '94
Mid Aug. '94
Late Sept. '94

Mid JuJv_'95

! 8761
I 0

01
I 5
. 19 :

I ! ~i~ 198 1197
1867

0
I 0

I 110
203:

0

224

White Perch

Carp



Table 1 - 5. Biomass estimates tor ()o1daga Lake young-at-year during five
sam lin nods for 1994 aoo ~ sam lin nod for 1993.

j Species Sampling Period I' Lakewide 95% Confidence
Biomass Interval

Estimate (kg)
-
Sunfish I Mid Aug. '93

Mid June '94
Early July '94
Late July '94
Mid Aug. '94
Late Se t. '94
Mid Aug. '93
Mid June '94

, Early July '94
Late July '94
Mid Aug. '94
Late Se t. '94
Mid Aug. '93
Mid June '94
Early July '94
Late July '94
Mid Aug. '94
Late Se t. '94

I Mid Aug. '93
Mid June '94

I Early July '94
I ~~A::9~i4 Late July '94

Mid Aug. '94 I
Late Se t. '94 I

Mid Aug. '93
Mid June '94
Early July '94
Late July '94

I Mid Aug. '94
Late_~ot. '94 -

I 511~
. 0

I 147 4607

'f 4306

I 1~~
48

864

463

196

11998

0

0

686

22

1360

510

0

0

1

14

302

2694

0

0

47

216

265-9969
a

0

0-582

0-9684

4436-8356
largen'K>uth Bass 6-370

0

0-311

0-4414

137-794

3-391

Gizzard Shad 10,944-13,053
Oi
0

I 670-702 0-46

1284-1435

1 ~-mg358-662

0

01
I 0-4
I 0-35

2 76-32~ I

White Perch

Carp 1717-3670
0
0

0-249
0-426

Q

f.

j.
,

48



Biomass estimates tor young-at-year in the littoral zone ot Onondaga Lake
during five sampling periods tor 1 994 and one sampling period tor
1993.

Sampling Period Littoral Zone
Biomass

Estimate kg/hi

95% Confidence
Interval

Species

Sunfish Mid Aug. '93
Mid June '94
Early July '94
Late July '94
Mid Aug. '94
~~e Sect. '94

20
0
0
1

18

1-39
C
0

0-2
0-38

18-33

,
;

I

Largemouth Bass Mid Aug. '93
Mid June '94
Early July '94
Late July '94
Mid Aug. '94
late Se 1. '94
Mid Aug. '93
Mid June '94

! Early July '94
Late July '94
Mid Aug. '94
late Se '94
Mid Aug. '93
Mid June '94

I Early July '94
Late July '94
Mid Aug. '94
Late Se t. '94
Mid Aug. '93

! Mid June '94
I

Early July '94
Late July '94
Mid Aug. '94
Late Sem. - _'~_4

1
0
0
3
2

-1
47

0
0
3
0

0-1
a

0-1
0-17

1-3
0-2

Gizzard Shad

White Perch 2
0
0
0
0

-'L
11
0
0
0
1
0

1 ~

~

Carp 7-14
0
0

01
0-2

0

49

43-52
0
0

3-3
0

5-6

,3

0
0
0
C

'_2



Table 1-7. Instantaneous mortality, annual mortality and survivorship rates of
young-of-year largemouth bass and gizzard shad calculated from cohort
ana sis of catch curves Ononda a Lake 1993 to 1995.

Species and Time Z II S A
Frame
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I
i Table 1 - 9 Trap net results for 179 trap nights (May 20 to October 12), O~

lake 1 994.
Catch -.CPUEI

-c:. Species

White Perch lli1-
1.?:ll

~7

~~
-LW
...?.J.].~1.36 0.58

__O.54

11.

I,
I 2-, Blueaill

..1. pumpkinseed:
'- 4. Brown Bullhead

I.
f

r

I

[ ~
-

White Suc:k~r I 1031
1- - ~~16. Yellow ~erch

Channel Catfish ~
-ll
1~

O.~I
Bo_wfin

iQ ~~CarD
1O, Gokjen Shille_r ~",. S9
11. Gizzard Shad
12. Black Cra ie
13. Yellow Perch r.~~ ~~I

-- -.J9

I 36

I 33
'4. LarQen'K)uth Bass
1 S. Freshwater Drum I

l16. Smallmouth Bass__- I 0.18
\ -- O.l_L! 1 Z. Shorthead ~_edhorse \ 201

I == --11,e
Killifish r-- ,1 ~

~
Q:.Q.§..

~
~~
0.03

~
~
~
0.02
ill
~
~
~0.01 0.01

0.01

~
~
0.011

I 20. Emerald $blner
21. Alewife~,,!

I 22. Rock Bas$ j ~~123. Fathead Minnow:
l Z4: N~~~he-r~.pi.k~-- -- .4

,:). Central Mudminnow I
/~6. Rudd

--

I 27. LonQnose Gar

1~8. Rainbow Smelt
"),.

29. Creek Chub
30. Ti er Muskellun e
31. Atlantic Salmon
32. L rch
33. Fallfish
35. Chain Pickere I
36. Northern Sucker
37. Trout Pp;rch -

lJ
1-
1-
1

~
l
1-
1 ,

I. TOT-Al



Table 1 -1 O. Gill net catch for 35 net nights (May 20 to October 12), Q'K)rx:jaga

_Lake' .
CPUECatchSpecies

~5.00~
1.20

~_O81
175

42
~ ~~ ~ , .03

~- 0.53-ill
171 0-,--49

O.zj.
~~ - 10

9
_O.26 ~

1...J1M~ Perch ~-
§~ Sh~,- ~
~ow perch-

I~e sucker--,
~eve~I~nnel Catfish - ~.

~~:!!fi~ad Redhorse~
I NoJthe~n Pike ~'23 0.20

0.14

0.11

0--" 11

~

~nvron Ca rc ,~
Pu_mpkinseed ~

! Sm~lImouth Bass
6rown Trout

0.06.-= ,
Q.06i

:~~n§hiner~-j
~Iueaill
Rainbow Trout- -'.

2 t.
0.06
0.03

~, J~Iewife -

l Laraeroouth ~

24.3J851Tot~1

.~

~ir~
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25
B

24

~
Number of fish nests observed in 13 compartments
of equal shore length in Onondaga Lake, June 1993.Figure 1-1.
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.~

~~f

Number of fish nests observed in 1 3 compartments
of equal shore length in Onondaga Lake, June 1994.

Figure 1-2.
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Figure 1-3. Total number of fish nests observed in surveys of
Onondaga Lake in 1991, 1993, and 1994.
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Figure 1 -4. Total number of bluegill, pumpkinseed, largemouth
bass, and unidentified nests observed during an
Onondaga Lake nesting survey in 1994.
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Figure 1-5. Linear regression of the number of observed
nests by lake compartment in 1993 and 1994
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Figure 1-6. Comparison of mean littoral zone water
temperature (C), with known spawning temperature
preferences of largemouth bass in 1994.

Figure 1 -7.
Date

Comparison of the number of captured mature
bluegill, pumpkinseed and white perch adults and
littoral zone temperature in 1994.
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~

Location of seine collections in 1993 (5 sites) and
1994 (8 sites) on Onondaga Lake.

Figure 1 -8.
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Figure 1-9. Catch per unit effort (CPUE) in seine hauls ot
young-ot-year fish from Onondaga Lake in 1992,
1993 and 1994 (error bars are standard deviation).

!
.

j

.t..

59



1992

. YellON Perch
0 Largem~ Bass

m Carp
0 YellON Perch
0 4 Other Sped es

~fish
Ncrthem Pike

Freshwater ~

. Sunfish

. White Perch

. Gizzard 918d N-36.464~62

1994

. Sunfish II Qzzard Shad N=30, 313. Large~th Bass 0 11 Other Species

Community structure (catch per unit effort) at
young-at-year fishes in Onondaga Lake in 1992 (48
seine hauls), 1993 (36 seine hauls), and 1994 (80

seine hauls).
-

Figure 1-10.
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Estimated numbers of young-of-year largemouth
bass at each sampling site in Onondaga Lake in late
July and mid August 1994.

Figure 1-11.
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Figure 1-12.
Estimated numbers of young-of-year sunfish at
each sampling site in Onondaga lake, late July and

mid August 1994.
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Figure 1-13. Linear regression of the nest density within
individual lake sections and subsequent young-of-
year density of largemouth bass (A) and sunfish (8)
within those sections at different time periods in
1994.
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Figure 1-1 4 Population estimates of young-of-year gizzard
shad and 95% confidence interval in Onondaga Lake
in 1993, 1994 and 1995.
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Figure 1-16 Population estimates at young-at-year carp and
95% confidence interval in Onondaga Lake in 1993,
1994 and 1995.
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Population estimates ot young-ot-year largemouth
bass and 95% confidence interval in Onondaga Lake
in 1993, 1994 and 1995. CI in July 1994 extends to
2,000,000.

Figure 1-17
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Figure 1 -1 9 Population estimates of one-year-old largemouth
bass and 95% confidence interval in Onondaga Lake
in the spring of 1994 and 1995.
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Figure 1-20. Percent composition ot diets in seven size classes
of young-ot-year largemouth bass from Onondaga
Lake in 1993 (N=107).

67









(Bergerhouse 1992).

994. Ammonia levels at themg/l to 2.8 in 988 tovaried from 1.

Ammonia levels at the surface

This

oftoxicityfound(1981) that acuteand RussoThurston

0.986 mg/i).

obtained by AquaticYet resultsOnondaga Lake.measured in

minnows under experimental conditions.

These concentrations are lower than or0.27 mg/l, respectively.
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and1991

Elodea

oflittoral areasallnearly
By

Onondaga Lake.

It has

Wastebed

carbonatecalciumsemi-solidandsolidofmostlymaterial,
of

comprisewastebeds1 Thesein Chaptershownfishes as
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a potential

fishesbuildingofreproductive nesttheobstacle successto

Yet, these speciesof contact with sediments by fish and eggs.

and1992collapse ofthebuilders during recruitmentnest

Perhaps some other mechanismsuccessful years in 1993 and 1994.

or combination of mechanisms causes these fluctuations.

foressential habitat manyprovide nurseryMacrophytes

A

Onondaga Lake revealed both lowsurvey of macrophytes within

1993).(Madsen et at.1991diversity and limited distribution in

increased fromseeminglyand diversityMacrophyte distribution

74
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At least three

t can be

Littoral
will increase

bass,largemouthsuch asdependent upon macrophytesspecies

This increase in macrophyte coverage could
vegetation distribution.

'990'5 to a top downplanktivore dominated structure in the early

structure in the near future.

high, thusissuccessreproductivewhenmortalitydependent

population.
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of some fishmore individualsmacrophyte densities may allow

populationthe adultrecruitand tosurvivetospecies

have beenno quantifiable data macrophytesUnfortunately, on

available since 1991, so determining to what extent the macrophyte

hasand how this increaseincreasedactuallyhascommunity

impacted young-of-year densities in the lake is not possible.

The unusually cold and wet spring of 1992 may have been

detrimental to fish reproduction in Onondaga Lake (Gandino 1996).

My analysis revealed no correlation between reproductive success

Theand 2-2).and water temperatures and precipitation (Tables 2-

small sample size, however, prevents ruling out these variables as

potential causes or mechanisms behind the reproductive collapse in

(CornellRudstumwith LarscommunicationsPersonal1992.

992, andalewife and smelt in Lake Ontario failed to reproduce in

generally hadYork a poorthat largemouth bass in New State

found no recent data sets from ourreproductive year in 992.
-

region comparable to those in Onondaga Lake, which document levels

of reproductive success for an entire fi sh community.
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HABITAT MANIPULATION OF THE LITTORAL ZONE TO
ENHANCE SPAWNING OF NEST BUILDING FISHES AND

YOUNG-OF- YEAR HABITAT

'2 n

Introduction

(Mraz 1964).
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Station in 1991.

In

managementviablemanipulation was af habitatdetermine

technique for Onondaga Lake.

planting zones,macrophyteadjacent toareasspawning

use andfishplant survival,formonitoring of these structures

are
work.

macrophyteincludingcompleted reportTheteam.

1996).
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Methods3.2

L2.1 Site Selection

The first was located in the northwestmodifications (Figure 3-1 ).

plantwithmodifications nohabitatspawningreceived only

enclosure.

The third site was located onhabitat and vegetation modifications.

site also received both'995); this

Reference sitesI
,

\
respectively) .



Planting sites were

YOY fishes to move between

break washay-bail waveAdelineated.20 m area was still

of Spawningtypestwospawning siteeachWithin

(5515's) wereImprovement Structures
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All

(bluegillto species

reference(manipulation near
treatment typeandGrandstand)
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technique.

M
ile 

site

m
anipulation 

sites 
for

m
odels are general 

hypotheses 
of 

species-habitat 
relationships, 

so

the m
odels m

ay vary 
according 

to 
geographic 

area (S
tuber, 

G
ebhart

and M
aughan, 1982).

(com
p'ete'y unsuitable) to 1.0 (idea' habitat)

A
 habitat 

suitability 
index (H

S
I) w

as 
calculated 

at the 
N

ine

T
he follow

ing equations w
ere used (S

tuber et al., 1982):

C
over H

S
I =

 {V
2 * 

(V
3+

V
4)/2 

* V
16 * V

1S
} 1/4

R
eproduction H

S
I =

 (V
2 * V

g * V
1 5 * V

17) 1/4

for 
largem

outh bass before and after

H
S

I calculations are based on values from
 0

cover and reproduction potential.

construction of

T
hese

84
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Suitability Index for percent lacustrine area ~

6m.
V2=Where;

Suitability Index for percent bottom
cover within littoral areas during
summer (Adult, Juvenile).

Suitability Index for percent bottom
cover in littoral areas during summer

(Fry).

V4=

Vg = Suitability Index for average weekly mean

temperature within littoral areas during
spawning and incubation.

V, 5= Suitability Index for substrate
composition within littoral areas.

V16= Suitability Index for average water
level fluctuation during growing season.

V17= Suitability Index for maximum water level

fluctuation during spawning.

V18= Suitability Index average water level
fluctuation during fry growing season.

Several assumptions were
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3.3 Results and Discussion

3.3.1 Nesting

We observed 983 nests in the manipulated spawning sites,

within near reference sites (adjacent to manipulation) and 59 in far

reference areas (300 m away from manipulations) (Figure 3-3). Of

the fish that built nests within manipulation areas pumpkinseed

sunfish comprised 51%, largemouth bass 2%, and bluegill (Lepomis

Positive identification of species building themacrochirus.) 20/0.

remaining nests was not possible. Overall, there was a statistically

significant difference in the number of nests built in manipulation

3-3). Spawning(p 0.0001 ; Tableand reference
,...

sites <

attracting spawning fishes;manipulations were successful ain

Sheffe test showed that manipulation areas had significantly more

nests (p < 0.0001) than either near or far reference areas (Table 3-

4). Also, the near reference sites had significantly more nests (p <

This result suggests that the0.01) than did far reference areas.

influencedprobablyof complex nestingstructurespresence

densities in the immediate vicinity of the manipulation sites.
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the sites (Figure 3-5).

no counts were taken.

The3-6) .Tablerespectively;and p < 0.01(p < 0.001sites

The near reference area at
area (
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statisticallynotwereareasreferenceand nearmanipulation

withinobserveddensitiesnestsignificantly higherThe

mostfish. Thatattracted nest-buildinghabitat manipulations

Hoff 1991). The'964;1930; Mrazsome type of cover (Tester

manipulation sitesdensity amongnestinginDifferences

populationfishinvariabilitynaturalresulted fromprobably



The lack of bass nests at thesite preferences by spawning fish.

other centrarchids (Hoff 1991).

break plantreceived orit no waveof nests becausenumber

Yet, there was no statistical difference between the
enclosure.

This

However, we also found significantly more nests in nearbreak.

This suggests that thereference sites than in far reference sites.

These results in association with theattract nest-building fishes.

wouldbetween sitesnesting densitiesobserved differences in

In any

be successfully attracted to areas with adequate spawning cover.

90



He found that not only doessmallmouth bass lakes in Wisconsin.

also induce largerit abass, but maynestingattractcover

substrate.

bass can beof smallmouthrecruitmentand first-yeardensity,

lowwithlakesinof nesting devicescoverinstallation

first-year recruitment rates.

Habitatpost-manipulationandofresults pre-The our

show that these types of manipulationsSuitability Indices

bass inthe habitatpotentially increase

HSI's for cover rose

HSI's

9



These results show that these typesafter manipulation (Table 3-1).

document the physicalvalues obtained for the reproduction HSI

contamination.

doesprobably'Sitemanipulationpostcalculated for our

withinpotentialreproductivethe currentaccurately reflect

Onondaga Lake.

successful inwereenclosuresthe vegetationAlthough

createdof the incovergrowth, mostrooted plantachieving

captured in plant enclosures

l
f
I
t More juvenile fishes were, 996).

and Fig. 3-7). A total of fifteen species were captured in enclosures



Largemouth bass

The overall

notenclosures werebetweenjuvenile densityindifferences

increasedidenclosuresPlant

lakewide means.

Mean sunfish size in both thereference sites and lakewide means.



However these3-10). sizeend of July (Figurethemean at

The low density of aquaticsuccessful in attracting juvenile fishes.

withAnyfish. areasjuvenileavailable tohabitatnursery

successful.

did theirjuveniles thanofhigher densitieshad significantly

even though filamentous algae was the primaryreference sites,

this site.

naturalprobably indicatessunfishcompared towhensites

94



Lake (Gandino 1996).

inreference sitessunfish inof juvenileThe larger size

decreased growth rates,

95





,.-~
I; thethoseof nests,ratethe successmanipulation areas,

1

Since it is unlikely

manipulation.

TheYork State mean number per hectare.or exceed the New

/ha (NE Div. AFS 1993).





currenthypothesized maximuminfoldfive increaseaThis is

In order for Onondaga Lake to equal

years.

unlikely thatIt is

and nursery habitat is improved.

numbers of bass will
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Table 3-1 Habitat Suitability Indices at pre-and post-treatment manipulation sites
in() ~ Lake. 1993 (Edwards et al. 1983).

j Percent Percent Substrate Cover HSI Reproduction
bottom cover bottom cover composition HSI

(Adult) (Fry) value value

t--~~~~~-:- o.~

o. O.l: 0.° 0.8520.707I Post
j ManiDulation

Table 3 - 2 Total number of individuals and percent of catd1 of each species caught in
enclosures and reference sites durin 1993 in lake.

Species Total Number and Percent Total Number and Percent
Captured in Plant Captured in Far Reference

_Enclosures Sites
Carp 7,500

68,9%
891

57.5%
Sunfish 3023

27.8%
599

38.7%
Banded Killifish 184

1.7%
1

0.1%
White Suc:ker 66

0.6%
1

0,-1%
Largemouth Bass 27

0.2%
3
2%

White Perch 20
0.2%

29
1.9~

Brown Bullhead 20
0.29f.

3
0.2%

Fathead Minnow 19
0.2%

2
0,-196

Yellow Perch 13
0.1%

15
1.0%

Gizzard Shad 11
0.1%

2
0.1%-

Golden Shiner 2
<0.1%

0

Smallmouth Bass ,
<0. ",

,
0,_'%

Central Mudminnow 1,
<0.1%

0

Logperch 0 1
~
1
.1%

Bluntnose Minnow 0
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Ta ble 3 - 3. Att.rJVA table for analysis of differences between nesting densities in each
type of manipulation (manipulation, near reference and far reference) in

Lake 1993.
Sums of df Mean F p-level

uares uare .
Effect 90.51078 2 45.25539 0.0000000- ~ ~

Error 64.54889 138 0.46775

Table 3-4. Sheffe analysis of differences between nesting densities in each type of
manipulation (manipulation, near reference arKi far reference) in
()o~ Lake. 1993. ---

1 {2} {3}
ManiDuiation Near Reference Far Reference

! ManiDulation ilL . 0.0000000 C:. _.'O.OOOOO~
I Near Reference ill I. 0.0000000 - - - - - - - - - 0.0073581
IFarReference f3l' 0.0000000 I 0.0073581 - - - - - - - - =--

Table 3-5

I 0.0000320I Eff~ct

Afl()VA table for analysis of differences between nesting densities at ead1
site of manipulation (Nine Mile, Grandstand, Maple Bay) in

~ ()rK)r(iaaa Lake. 1993. - '__1
Sums of df I Mean F p-level
Sauares Sauare
10.44767 2 5.223833

Error 64.548B9 138 0.467746

Table 3 - 6

~ Ni~~ _M_il_e- - - :'

Sheffe analysis of differences betWeen nesting densities in each site of
manipulation (Nine Mile, Graoostand, Maple Bay) in
Q'KX~ Lake. 1993.

1 {2}' {3}
Grandstaoo Maole Bay

0.0001775 0.0010589
I 08989624- .

Nin
G 0.0001775
Ma 0.0010589 0.8989624
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Table 3-7 P - levels for Sheffe analysis of the interaction between nesting densities
in each site and type of manipulation (Nine Mile= Mile,
Grandstand= Grand, Maple Bay. Maple; Manipulation= Manip., Near
r

Mile Manip.
,

, Grand Manip.
J 2 l__-

.00032 .39953 .99994

-
05946 .01030 .00041 .08066 00109

58279 39953
-
13342Maple Manip

!3t -

.00000 .00000 00000 .00000 .00000

00001 .99994 13342Mile
{4l

N.ref 19601. 0484~ .00336 .2469~ 00663

Grand N.ref
!Sl

00000 05946
-

00000 19602 .99996 .97570 1. 0000 98086

Maple N.ref
f6l

,0000(} .OlO3C
-

OO()()O .04849 .99996 .99931 99982 .99946

00000 .00047Mile
f7~

F.ret .00000 00336 97570 .99931 99982 0000

.00000 08066 00000Grand F .ref
8

Maple F .ref

49J

24692 0000 .99982 99982 96670

OO()()C .00109
-

.00000 00663 .98086 99946 .0000 .96670

Table 3-8 NOlA table for analysis of differences between juvenile densities in
plant enclosures and far reference sites) in ~ Lake. 1993. -

Sums of df Mean F p-level
Sauarf!s SQuare

211.6162 130.9292
I Error I 155.16141 961 1.6163

Table 3-9. AtOJA table for analysis of differences between juvenile densities at Nine
Mile and the Grandstand sites in Lake 1993.

Sums of df Mean F p-level
SQuares uare

~.8783 6.8783
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I

iTotal 1.0 3.5 7.0 10.5J 14.0J 17.51 69.9
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*'

Location of littoral zone manipulation sites in
Onondaga Lake, 1993.

Figure 3-1.
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Total number of nests observed within spawning
manipulation and reference sites in Onondaga Lake,

1993.

Figure 3-3.
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Figure 3-4.
Percentage of largemouth bass and pumpkinseed
utilizing spawning modules in Onondaga Lake, 1993.
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The percentage of nests in reference areas building
directly around two 4cm diameter stakes marking
the outer boundary of the sites in Onondaga Lake,

1993.

Figure 3-5.

Figure 3-6. Number of nests per sample day at each
experimental site in Onondaga Lake, 1993 (error
bars are standard deviation).
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Figure 3-8. Total catch of juvenile sunfish in plant enclosures
and far reference sites in Onondaga Lake, 1993.
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CONCLUSIONS4.0

4.1

Few fish species that are present in Onondaga Lake as adults,
and that typically reproduce in lakes, appear to successfully

reproduce within the lake.

1

2.
Annual reproductive success in Onondaga Lake
appears to be variable, as shown by the apparent lack of
significant reproduction in 1992.

Most young-of-year fish seem to be produced in the
north basin, where the majority of nests have been
observed. -

3.

4.

s.
Growth rates of young-of-year largemouth bass appear to
exceed the New York State average. This may be due to
lack of competition, early conversion to a piscivorous diet,
and/or abundant food resources.

6.
The three-pass reduction technique using bag seines in
the littoral zone appears to be a viable method of
estimating population sizes of some species of young-
of-year and yearling fishes. Pelagic species such as
white perch and gizzard shad are probably not good
candidates for estimation by this method since a
significant proportion of the population may not be

accessible to the sampling technique.

Recruitment of largemouth bass may currently be limited
to a maximum of about 10,000 yearlings regardless of
young-o~-year abundances. At this level of recruitment
Onondaga Lake wi I I continue to exhibit lower than.

average densities of adults.

7.
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Water Quality Impacts

Onondaga Lake contains many contaminants that are known to
cause reproductive abnormalities in fish. Insufficient data
exist to conduct a comprehensive statistical analysis of the
possible impacts of water quality on fish reproduction in

Onondaga Lake.

1

Littoral Zone Manipulation

1. Littoral zone enhancement structures increased nesting
activity of sunfish and largemouth bass. Success rates of
nests and survivorship of eggs and larvae within enhancement

areas are not known.

Littoral zone enhancement in the form of complex
structure increased densities of young-ot-year fish
although no increase in growth rates was evident.

2.

Based on a model simulation, large scale littoral zone
manipulation appears to increase recruitment and adult
densities of largemouth bass.

3.

4.
Littoral zone manipulation and natural recruitment will
need to produce approximately 50,000 yearling largemouth
bass annually to produce typical densities ot adults tor
New York State <16/ha). However, the total area needed ~o
achieve these densities wilJ depend on utilization, nest
success, and young-ot-year survivorship in future
manipulation sites.
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Recommendations5.0

1. An annual program to monitor fish reproduction should be
established. This program should entail monitoring of the
distribution and abundance of nests around the entire lake as
well as the community structure of young-of-year.
Because recruitment of individual species can be influenced by
the size of the adult stock, adult populations should also be
monitored as part of this program.

2. Data for significant water quality variables (all metals,
ammonia, pH, temperature, dissolved oxygen) should be
collected at a single depth of no greater than 3 m from April to
July in addition to epilimnetic volume- averaged samples that
have been historically collected. Aluminum concentrations
should added to the list of variables sampled for at least
one full sample year.

Spatial and temporal water quality and habitat data should be
taken along with young-of-year fish sampling at least twice
during the summer (late July to mid-August, when young-of-
year abundance is greatest). This will require that samples be
collected at eight sites in the littoral zone during the same
week that young-of-year sampling occurs.

3.

4. An annual or biennial program to quantitatively monitor
macrophyte distribution and diversity should be established.

5. A toxicological study should be undertaken to compare the
effects of contaminants (especially ammonia and mercury) on
survival, growth and development of young-of-year of fishes
of several species (especially sunfish, yellow perch and
largemouth bass). Water from Onondaga Lake could be
compared to that in Oneida Lake and/or Otisco Lakes, which
might prove to be appropriate controls. This study would be
linked with an ecological component to model potential
changes in fish recruitment in response to annual fluctuations
in contaminants.
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6. Two full-scale permanent littoral zone manipulation sites
should be constructed in Onondaga Lake. Both sites should be
constructed in waters 1 to 2 m deep to allow largemouth and
potentially smallmouth bass to utilize the structures. The
first site should be in an area that currently supports
moderate nesting and young-of-year activity. The second
should be constructed in an area with limited nesting and
young-of-year activity. Both sites should be carefully
monitored to determine densities (#/unit area) of bass that
utilize the sites, nest success rates, and survivorship of eggs
and larvae. The results of manipulation site monitoring should
be used to determine total number of sites needed or total area

to be manipulated.
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